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AbStraCt 
This study is performed to evaluate lower extremity alignment by a three-dimensional method using 
computed radiography, and the biomechanical characteristics of normal knee is also discussed. In a 
diagnosis of the lower extremity, an X-ray image of the anteroposterior view of the whole lower 
extremity is ordinarily used. However, this view is unfeasible for detecting rotational or torsional 
parameters for lower extremity alignment and in addition, measurement values are influenced by the 
posture of the lower extremity. In diagnosing and probing the biomechanical characteristics of normal 
knee, it is neces,sary to evaluate and analyze the lower extremity in a three-dimensional system not 
affected by the posture of the lower extremity. In addition, it is important to detect the rotational 
parameters in a standing position. A three-dimensional lower extremity alignment apalysis system 
using anteroposterior and 60-degree oblique computed radiography images in a standing position was 
developed, and the established anatomical coordinate systelTls and clinical assessment parameters were 
defined for comparison of individual data. 
Assessments were made of the lower extremity alignment of sixty-seven volunteers in the adult group 
including thirty-four males and thirty-three females. 
The following characteristics were quantitatively demonstrated in the normal group; the femur and 
tibia showed anterior shaft bowing, mainly. The femoro-tibial angle was from 1 75 to 178 degrees, and 
the knee flexion angle was from 5 to 7 degrees, The medial knee joint-space inclination was narrower 1 
degree than lateral one. The mechanical axis passed through the medial-anterior of the tibial plateau. 
The femoral anteversion angle was from 24 to 3 1 degrees, the knee rotation angle was from 14 to 1 9 
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Femur 
Bowing rate (%) 
Anterior bowing rate (%) 
Lateral bowing rate (%) 
Maximum bowing point (%) 
Tibia 
Bowing rate (%) 
Anterior bowing rate (%) 
Lateral bowing rate (%) 
Maximum bowing point (%) 
FTA (shaft length) 80% (deg.) 
60% (deg.) 
40% (deg.) 
Knee joint-extension angle (deg.) 
Passing point of mechanical axis 
Medial-1ateral (~;~o) 
Anterior-posterior (%) 
Knee joint-space inclination (deg.) 
Femoral anteversion angle (deg.) 
Knee rotation angle (deg.) 
Tibial torsion angle (deg.) 
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45.40i7.49 
































:~ I Lower extremity alignment data: 
female subjects. 
comparison between normal male subjects and normal 
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M ?Lateral bowing rate Maximum bowing point 
Comparison of femoral shaft bowing between normal male subjects and normal female 




M F Bowing rate . Anterior bowing rate 
1.0 
50 ?
M F Lateral bowing rate Maximum bowihg point 
Comparison of tibial shaft bowing between normal male subj ects and normal female 
sub j ects . 
M: normal male subjects (n = 34), F: normal female subjects (n = 33). 
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c. ;~~~~~~~F~ ~i~ (Femoro-tibial angle: FTA) 
(~!~1. ~ll4). 





















M ?FTA (shaft length) 40 % Knee joint-extension angle 
Comparison of femoro-tibial angle (FTA), knee j oint-extension angle between normal 
male subjects and normal female subjects. 
M: normal male subjects (n = 34), F: normal female subjects (n = 33). *p<0.05, **p<0.01. 
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Medial and Lateral Anterior and Posterior 
Comparison of passing point of mechanical axis on tibial plateau between normal male 
subjects and normal female subjects. 
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(a) Knee joint-space inclination (b) Femoral anteversion angle 
Comparison of knee joint-space inclination, femoral anteversion angle between normal 
male subjects and normal female subjects. 
M: normal male subjects (n = 34), F: normal female subjects (n = 33). *p<0.05. 
(a) Knee joint-space inclination 














































































































8) 4~~~7~;1~~I. ~J IE:~:. ~~j~:~~:~~. /ri.~LJ~:~~~~. 7~~~~~".5C. 7l~T~~:~. ~ti~~~f j~=~. Ji~~B~~:. 
m,~ ~~~~~c : ~~~.)~~"~i/'1~~~t~~~~~~**~~~c ~~~~~)T~~774 )~ / h I ~V~~(~~~8~~) ~~~~FOA~)~~~~~II f~1 ~ 
~~)~~~~~,t-. ~I~~~~~~~. 29(5), 1879-1881, 1986. 
9) (':~i"J~~ ~f""L'*,. ~~I~~ p--'-~,=~. /J.~~~4--~'='~~; r~:*f~L'*~~~~~j~~~Fjlt~U~'~Ti ~~l~;~~ti~~~~1~~fT~~774 )( / h i OV~ 
C. ~t~*~~~~~~/"~~~l~~;~~:~~~ 35(1) 65 71 1991 ~~ R**. 
10) ~ii~tlE;~'>~~'~c. ~{~~~~IE3~~. 7~~;~#4~ : T~~7~~~ )( )/ h ~)X,~{+･~~'"~z=..~Hi. ~~*~*D~~~:~. Vol. 16, N0.3, 
29-37, 1997. 
1 1) John R. Moreland, Lawrence W. Bassett Gregory J. Hanker : Radiographic analysis of the axial 
alignment of the lower extremity. J Bone Joint Surg., Vol. 69-A, 745-749, 1987. 
12) T. D. V. Cooke, R. A. Scudamore, J T. Bryant, C. Sorbie, D. Siu, B. Fisher : A quantitative 
approach to radiography of the lower limb. J Bone Joint Surg., Vol. 73-B, No. 5, 715-720, 1991. 
13) T. D. V. Cooke, Jian Li, R. A1lan Scudamore : Radiographic assessment of bony contributions to 
knee deformity. Orthopedic Clinics of North America Vol. 25, No. 3, 387-393, 1994. 
14) T. D. V. Cooke, David Pichora, David Siu, R. Allan Scudamore, J. Timothy Bryant : Surgical 
implications of varus deformity of the knee with obliquity of joint surfaces. J Bone Joint Surg., 
Vol. 71=B, No. 4, 560-565, 1989. 
15) Donald G. Eckhoff, William K. Montgomery, Ray F. Kilcoyne, Elizabeth R. Stamm : Femoral 
morphometry and anterior knee pain. Clin. Orthop., 302, 64-68, 1994. 
1 6) Donald G. Eckhoff, Kevin K. Johnsopn : Three-dimensional computed tomography reconstruction 
of tibial torsion. Clin. Orthop., 302, 42-46, 1994. 
17) Phillip A. Bauman, Rolando Singson, William G. Hamilton : Femoral neck anteversion in 
ballerinas. Clin. Orthop., 302, 57-63, 1994. 
18) Fumiharu Yamashita, Kisaburo Sakakida : The rotational alignment of the lower limbs in 
recurrent dislocation of the patella. Arch. Jpn. Chir. 57(3), 215-220, 1988. 
19) Stephen B. Murphy, Sheldon R. Simon, Peter K. Kijewski. Robert H. Wilkinson, N. Thorne 
Griscom : Femoral,anteversion. J Bone Joint Surg., Vol. 69-A, N0.8, 1 169-1 176, 1987. 
20) Tomonori Yagi, Tetsuo Sasaki : Tibial torsion patients with medial-type osteoarthritic knee. Clin. 
Orthop., 213, 177-182, 1986. 
- I 03-
2 1 ) Mohammed Moussa : Rotational mal'alignment and femoral torsion in osteoarthritic knees with 
patellofemoral joint involvement. A CT scan study. Clin. Orthop., 304, 176-183, 1994. 
22) 7~T~'~~. ~~ IE~:. ~~~~~~~:~~. Ji~~Ez7~l~:. I~{:EEI ~;. 7i~7~~J~:"~ 4~~~r7l~4~~~~ ~&~~~~ 7r*~ 
~LEEl~~hrl~l. W,~ J~~~; ~~~~~~71~~~~~)~ f~1*~*Q~~e ~~i~~)Th~774)( ~/ hl OV¥C ~~3~~ ~I 
~~~~~j/~S'<'-'--p~'~~. 28 (2), 926_928, 1985. 
23) Laurence Berman, Rhiannon Mitchell, David Katz : Ultrasound assessment of femoral 
anteversion. A comparison with computerised tomography. J Bone Joint Surg., Vol. 69-B, N0.2, 
268-270, 1987. 
24) A. Moulton, S. S, Upadhyay : A direct method of measuring femoral anteversion using 
ultrasound. J Bone Joint Surg., Vol. 64-B, N0.4, 469-472, 1982. 
25) p~~~;4~=.=.'-'~~~~. p~~f~L~~~. p~~f,P~~*,~~ : ~~~.)~~"~･'.,l~k~~;~~~~.~~1*~+D~~lC~~e~~) EE:'･~~~tT~~7 ~ ~ )( )/ h O)~5.)~~,. 
4~iCOV~C. ~j~~i/' j)~(<<~:~~~:~. 23, 1530-1537, 1980. 
- I 04-
